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TOTAL ET2ERGY CONCEPTS AS APPLIED TC U!irJEfi5ITIES 
By R. L. Gudgeon, H. G. Acres & Company Limited. 



1 - EJTRODUCTIOII 



The Total Energy Concept has been gaining prominence in the 
conmiercial and institutional fields in recent years, primarily due to the 
increasing availability of natural gas, the increase in summer air condi- 
tioning loads and the advent of the gas turbine. 

The number of installations in schools, office buildings and 
commercial establishments grows each year. However, so far, the concept 
has found relatively little application in universities, probably because 
of the high first cost in a field where finding money for expansion of 
the educational facilities alone is a major problem. 

This paper reviews the background of total energy systems and 
the present status of the concept in universities. The factors affecting 
the evaluation of a total energy concept and their relation to campus 
utility systems are discussed. 



2 - WHAT IS THE "TOTAL ENERGY CONCEPT"? 



The term "Total Energy Concept" became fashionable in the 
early nineteen sixties to describe something that has been a familiar 
feature of industry for many years. Briefly, it means the ability to 
provide all the power and heating requirements of a consumer from a single 
fuel source. 



The earlier applications of the concept were mainly in those 
basic industries having large demands for heat and power, and located 
remote from a source of cheap power. The single fuel was usually coal 
or, in the west, oil. A typical example would consist of a boiler gene- 
rating high pressure steam, this steam being supplied to a back-pressure 
turbine generator. The low pressure steam exhausted from the turbine was 
used for process and space heating. Power produced by the turbine gene- 
rator was used for motor drives and lighting. 






This is a very brief description of a simple total energy 
system. In practice, these industrial steam and power plants were never 
quite so simple and usually involved several extraction and exhaust steam 
pressures and, sometimes, condensing turbines. Nevertheless, it does 
mean that the basic total energy system is not an entirely new concept. 

In fact, there are still several industrial steam turbine gi .erators 
operating in Canada and bearing a nameplate stating that the turbine "is 
not licensed for use in aircraft." 
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With the establishment of large power generating utilities 
and power distribution systems, relatively cheap power became available 
in what had previously been remote areas. This reduced the incentive in 
many areas to install expensive turbine generators and high pressure 
boiler plants, especially in the smaller plants. The by-product power, 
though less expensive, than the purchased power, was not cheap enough to 
offset the high initial investment in power generating facilities. 

In recent years, this trend has been reversed. The everin- 
creasing demand for summer air conditioning, combined with the availabi- 
lity of natur al gas across the continent, have created economic condi- 
tions favourable to the small, high load factor, total energy system. 

Added impetus has been provided by the increasing availability of highly 
reliable and efficient gas turbines on a commercial basis. 

It was during this period that the term "Total Energy Concept" 
was created to promote the use of natural gas as the single fuel in com- 
bined gas turbine power and heat generating systems. 



3 - POSSIBLE TOTAL ENERGY CONCEPTS 

The total energy concept shows economic advantages and con- 
tributes to the conservation of resources by increasing the efficiency 
of utilization. In a central utility thermal power plant, over 50 per 
cent of the useful heat in the fuel is lost to the condenser circulating 
water due to limitations of the termal cycle. In a total energy concept, 
a large percentage of the surplus heat from the power generation process 
is recovered, and efficiencies of utilization in the order of 70 per cent 
are common. The main losses in the cycle are primarily mechanical and 
stack losses. 

The total energy concept can take many forms. The source 
of energy can be electric power or fuel. The prime mover can be a steam 
turbine, gas turbine, diesel engine or, in the case of a heat pump, an 
electric motor. Some typical examples of total energy concepts are des- 
cribed briefly in the following. 

3.1 - Heat Pump (Figure l) 

The heat pump is theoretically an attractive concept, however, 
it relies on the availability of an inexpensive source of heat such as 
a main trunk sewer or the outside atmosphere. One of the largest air 
source heat pump systems is a 750 horse-power installation of the Detroit 
Company for two buildings having a total area of ISO, 000 square feet. The 
computed cooling load is about 4-50 tons and the heating load about 3- 1/2 
million Btu per hour. Other larger installations are installed in 
Huntingdon, Indiana (850 tons) and Milwaukee (1,400 tons). 




TOTAL ENERGY CONCEPT- HEAT PUMP FIGURE 




In general, for economic operation the ratio of nwxirmim 
heating load to m axi mu m ccoling load should be less than one and pre- 
ferably nearer one— third. The ratio at most Canadian universities 
•would be over two. The system capacities would be many times that of 
the largest installations already operating and are not therefore 
considered to be practicable. 

3.2 - Steam Turbines (Figure 2) 

Condensing of exhaust steam from a turbine leads to a loss 
of efficiency in utilization of energy. On the other hand, if, instead 
of condensing the exhaust steam,, it can be used for building heating 
and absorption ch i l l er , then maximum ef f ici ency of energy utilization 
can be achieved and the complexity and cost of condenser , air ejector, 
circulating water system are avoided. 

The steam cycle conditions would be optimized on the basis 
of the ratio of power and heat demands. Steam pressures would nor mally 
be in the order of 500 to 600 psig, the actual pressure being selected 
to give an acceptable steam rate. Higher conditions , although leading 
to a higher efficiency , would be more costly and would become even 
further removed from normal central heating plant steam conditions. 

This would lead to additional maintenance and require operators with 
experience of central power station bo il ers. 

The turbine exhaust steam could be used for heating in winter 
and for supplying turbine driven centrifugal air conditioning units. 

This turbine could, in turn, exhaust at about 12 to 15 psig for use in 
absorption type air conditioning equipment. 

The combination of exhaust pressures, centrifugal and absorp- ' 
tion chillers can take many forms and will depend on analysis of the air 
conditioning demands versus power demands. 

3.3 - Gas Turbines (Figure 3) 

In modem, commercial total energy concepts, the gas turbine 
accounts for almost 40 per cent of all the prime movers. Especially when 
fired with natural gas or a light distillate fuel oil, it has proved to 
be dependable and easy to operate and maintain. It has a versatility 
which enables it to be applied to a total energy concept in a great variety 
of ways, either as a prime mover producing power and driving refrigeration 
compressors or producing power and waste heat or a combination of both. 

The gas turbine has been perhaps the greatest motivation in 
the increasing application of total energy concepts. 

Gas or distillate fuels are the most suitable fuels for gas 
turbines. If a cheaper. Bunker C fuel oil is used, there are extra char- 
ges for fuel treatment and the unit rating must be reduced to limit the 
turbine inlet temperature. The use of heavy oil usually results in infe- 
rior performance and increased maintenance. 
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TOTAL ENERGY CONCEPT- GAS TURBINE FIGURE 3 



The capital cost of a gas turbine burning Bunker C oil is 
approximately 25 per cent higher than those operating on gas. 

In the majority of cases, auxiliary fired -waste heat boilers 
are used to accommodate the differences between the various power and 
heating demand peaks. The control problem is relatively simple. Depend- 
ing on the particular relationship between the power generation and 
heating steam requirements, either surplus heat can be bypassed to the 
chimney or additional heating requirements can be satisfied by auxiliary 
- firing of the waste heat boilers . 

The problem of noise suppression with gas turbines can be 
effectively resolved, providing allowance is made for this in the concep- 
tual design of the power plant building. 

3.4 - Gas and Diesel Engines (Figure 4) 

A gas or diesel engine generator can be applied to a total 
energy concept in much the same way as the gas turbine, the waste 
heat being obtained from the exhaust gases and the engine jacket cooling. 

Since the diesel engine is considerably more efficient than 
a gas turbine, the amount of available waste heat is reduced. It is some- 
times necessary, therefore, to install additional conventional boiler 
capacity. 

The schemes described here are but a few examples of the com- 
binations df prime movers, heat generation and air conditioning plant. 
Obviously, the possible different combinations are almost infinite. 
Furthermore, they can be a combination of in— plant generated power and 
ut ili ty power, taking the advantage of maximum recovery of the fuel energy 
with the minimum of capital outlay. 



4 - EVALUATION OF TOTAL ENERGY CONCEPTS 

There are no simple rules of thumb that can be used in deter- 
mining the suitability of a total energy system for a university campus. 
Each installation must be evaluated and compared on its own merits. This 
calls for a thorough study of all the building loads, the operating con- 
ditions as well as the cost of providing the money for the project. The 
climatological conditions at the given university location and the rela- 
tive local fuel and power rate structures will greatly affect the outcome 
of the evaluation. 

4.1 - The Comparison Between Capital and Operating C osts 

Before the effect of any of the operating factors can be 
determined, the basis of comparison between capital and operating costs 
must be established. 



Essentially, the purpose of the evaluation is to determine 
■whether the outlay of capital money in the additional power generating^ 
plant can be justified by the savings resulting from the more efficient 
use of energy. Therefore, in the final analysis, the annual operating 
savings must be compared with the cost of financing uhe project. 

The cost of financing Includes interest of borrowed money, 
allowance for depreciation, insurance which is normally a function of the 
value of the equipment, and taxes. The computations used in determining^ 
these individual items vary considerably, especially where depreciation is 
involved. However, they are usually reduced to an annual charge expressed 
as a percentage of the capital cost. 

An accurate calculation of the annual percentage relies on 
precise information relating to interest rate, depreciation methods and 
tax structures. In industrial applications all this information is 
ava ilab le. However, in the case of universities the annual charge on 
capital is not quite so amenable to analysis. Money is obtained from a 
variety of sources, including interest bearing loans, government loans 
and grants, and donations. Their tax status can vary from year to year. 

In order to enable some appreciation to be made of the rela- 
tion between differing capital and annual costs, these differences are 
often reduced to a number of years payoff with annual savings relative 
to additional capital expenditures. In general, any pay period less 
than 10 years (which is equivalent to a 10 per cent rate of annual char- 
ges on capital) is considered to justify the additional capital expendi- 
ture. 

Having established a basis for comparing annual and capital 
costs, consideration can now be given to the engineering factors. 

4.2 - Energy Cost Analysis 

The detailed analysis of the energy costs of various total 
energy concepts involves a great amount of energy in itself. This is 
especially so when applying the concept to a university campus. 

Many b uil dings are usually involved, each having its own 
particular seasonal heating and cooling requirements. The campus is 
always growing and changing its characteristics year by year. It is 
therefore essential that a realistic, but still flexible, schedule of 
ut ilit y demands be prepared on an annual basis so that the utility 
plant unit capacities can be effectively and economically phased with 
the campus development. 

The various steps in a detailed energy cost analysis are 
shown in Figure 5. The steps are shown in logic form and are amenable 
to computer application. It does show just how far back into the basic 
details of the individual building design the analysis can be carried. 
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STEPS IN ENERGY COST ANALYSIS 



The detail shown in Figure 5 is perhaps more applicable to 
a single building, or at least, to a restricted number of buildings. 

On a campus where up to a hundred buildings or facilities may be located, 
it is usually adequate to apply general design parameters based on build- 
ing area, population and use for heating, cooling and power demands . The 
diversity among the various demands will provide for any unusual or special 
demands at a particular building. 

More often than not these days, the evaluation is being pre- 
pared for a campus which is still in the planning stage. The general 
information relating to student population, distribution between the arts 
and sciences and rate of campus development are usually statistical pro- 
jections rather than hard facts and figures. 

In these cases, a great deal of reliance is placed on sta- 
tistical data obtained from other universities or similar institutions. 

Even then, the modern university and its needs are increasing in scope 
and magnitude every year and the available history of utility demand 
parameters is us ually out— of— date before the new university is operating. 

Therefore, an evaluation carried out in the planning stages 
of a university must be based on sometimes arbitrary design factors making 
allowance wherever possible for the known trends in university building 
and utilization characteristics. Whatever scheme is adopted, it must 
incorporate sufficient flexibility to adjust itself to the university 
development, based on the operating experience obtained as the campus 
loads grow with the years. 

4.3 - Evaluation Factors 

Some of the overall factors affecting the evaluation of a 
campus total energy concept are discussed below. This discussion is not 
intended to be exhaustive, each factor could be the subject of a puper 
in itself. 

(a) - Load Pattern - A total energy system can be competitive only 
when maximum use is made of its inherent efficiency. Ideally, 
the power demand variation should match the heat recovery demand 
at all times. If the exhaust heat from the prime mover exceeds 
the demand for recovered heat, either the surplus heat must be 
wasted or, alternatively, the prime mover output can be lowered 
to match the heat demand and the deficiency made up from more 
expensive purchased power . 

It therefore follows that the heat demand, whether it be for 
building heating or air conditioning, should be sustained all 
year round and remain as close as possible to a constant, even 
demand. In the past, when building heating was the only requi- 
rement, a total energy system was not competitive since no heat 
recovery was required in the summer and overall efficiency was 
reduced to that of the prime mover. Further, during the summer 
vacation period the university was closed and only minimal uti- 
lities were required. 
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Nowadays, air conditioning is the rule in modem universities. 

To satisfy the ever increasing demand for special s umme r courses 
and to accommodate the increasing student population, universi- 
ties are in full operation the year round. This, of course, means 
a continuous demand for air conditioning and heating. 

The overall utilization of a total energy system varies with the 
cli m atological location of the university. For instance, in the 
southern states, the summers are long and hot. The winters, by 
our standards, are hot as well and very little heating is requi- 
red. The main heat demand is, therefore, for air conditioning 
only and, since this varies considerably from s umm er to winter, 
power demand in the winter usually creates more waste heat than 
can be utilized for air conditioning, assuming the system to be 
designed around the maxinium summer conditions. Similarly for a 
university situated in a very cold climate, heating in the winter 
only would be required, there would be little or no summer air 
conditioning . 

The total energy system appears, by computation, to be most 
efficiently utilized in the temperate zones where the summer is 
warm enough to require air conditioning and the winter cold enough 
to require heating, thus sustaining a year round heating demand. 
This computation was extended to a number of cities in the United 
States in general climatological areas. Average efficiencies in 
total energy systems were computed for each area as shown in 
Figure 6. 

Air conditioning loads are on the rise on university campuses, 
not only in the summer when the equivalent thermal load can 
exceed the winter heating load, but also in the winter. The 
trend to more compact buildings with large core areas keeps the 
cooling system going even in very cold weather to hold core tem- 
peratures at comfortable levels. Most of this heat gain is pro- 
duced in high intensity lighting. 

The trend to more air conditioning throughout the year, added to 
the normal winter heating load, is producing higher overall sys- 
tem load factors and making the operating costs of total energy 
system more favourable. 

Campus Configuration - As a general rule, the larger an instal- 
lation is in terms of unit capacity, the cheaper it will be. The- 
refore, the ideal arrangement for a university total energy sys- 
tem is in a central utility plant in which is concentrated all 
the power generation, heating and air conditioning for the enti- 
re campus. The heating steam, or hot water, chilled water and 
power are distributed through the campus, either buried or in 
tunnels . 
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Hoi all campus plans are ideal for central total energy systems 
however. Gome campuses can be so large that the ther mal losses 
or gains in the distribution piping car. reduce the overall sys- 
tem efficiency to the point that it will be less than the compe- 
titive system utilizing purchased power. 

I*^any modern universities are fortunate in that they are developing 
a new campus on a new site. They can plan ahead making provision 
for the central plant ar.d distribution systems. On the other hand 
there are many older campuses st ill located in downtown areas , 
interpersed with other buildings and city streets. Centraliza- 
tion, if not ‘originally established is well nigh impossible. 

Both the system distribution loss and ability to establish a 
central plant are factors which must be part of the overall 
evaluation, nevertheless , even if centralization is not feasible , 
smaller plants, similar to those becoming popular in shopping 
centres and schools, could prove economically attractive for a 
selected group of buildings. 

(c) - Fuel Cost - This includes not only the gas or oil used in the 

prime mover but also the alternate fuel, electric power. All 
are sources of energy and are being compared economically. An 
all electric campus is utilizing the total energy concept, the 
single fuel being electricity. 

The cost fuel is in two parts, its first, purchase cost and its 
utilization cost. The purchase cost is affected considerably by 
the location of the campus relative to the fuel source. The uti- 
lization costs arise from handling and amenity problems. 

The principal fuels are: 

Natural Gas - This is the easiest fuel to handle, all it requi- 
res is just a pipe to the point of use, there is no storage re- 
quired. Its utilization cost is therefore almost negligible. 

The main disadvantage of gas at the present time, especially in 
eastern part of the continent, is the relatively high cost of a 
firm supply. A price schedule obtained this year for a study 
of fuel costs in an Ontario university, gave a firm supply at 
80 cents a million Btu. An interruptible supply was available 
at 45 cents for 6 months each year to 55 cents for 11 months 
each year. 

To achieve an equivalent price per million Btu equal to that of 
fuel oil, an interruptible supply must be accepted and fuel oil 
used as the standby fuel. By the time the cost of the fuel 
handling system is added, and the fact that a standby oil supply 
usually has a higher unit cost, it after proves to be cheaper to 
stay with a straight oil-fired plant without gas. 
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The only factor in favour of the dual fuel system, is the control 
of air pollution at least during the summer months. With the 
new pipelines being added from west to east, a firm gas supply 
at an acceptable price may become available in the relatively 
near future. In any event, even if oil is the fuel selected, 
provision should be made for future gas firing to take advantage 
in any favourable change in gas costs. 

For large users, the rate structure for natural gas is usually 
based on demand and use. To obtain a realistic estimate of gas 
prices for evaluation purposes, it is usually necessary to pro- 
vide the gas company with an estimate of annual, m a x i mum monthly 
and daily demands. 

Fuel Oil - Recent prices obtained for fuel oil in Toronto mdi- 
cate costs comparable to those for an interruptible gas supply. 
The relative costs are affected by location. In eastern Canada, 
the fuel oil is cheaper where it is imported along the St. Law- 
rence Seaway. Going west, nearer to the source, natural gas 
becomes less expensive on the west coast, oil imported by tanker 
gains ground. However, in general, the divergence is never 
great, the prices being maintained by competition. 

Fuel oil has two disadvantages when compared with natural gas. 
First, it must be stored at the site, pumped and heated. Second- 
ly, the sulphur content is a major cause of system corrosion and 
air pollution. Both require investment of capital and incur 
operating and maintenance costs. 

With new attention being focussed on air pollution at both the 
provincial and federal levels, future legislation will tend to 
restrict the sulphur content in the fuel oil burned in utility 
plants; The present thinking is 1.0 to 1.5 per cent as compared 
with the oils now being fired and containing up to 3 per cent. 
Recent prices for a 1.5 per cent sulphur oil show a premium of 
about 7 or 8 cents a mill ion Btu, however, if and when large 
scale production of low sulphur oils becomes necessary, this 
premium will probably disappear. 

Coal - In some areas, coal is competitive with both oil ar-.- 1 
natural gas. The main drawbacks are the storage, preparation 
and handling required. Ash disposal and air pollution control 
add to the cost. This is especially the case in downtown areas. 

Electricity - In this context is considered as a fuel, a sour- 
ce of energy to be compared with oil or gas or coal. Again, like 
the other fuels, cost varies with location and usage. In Canada, 
electric power, derived mainly from hydroelectric generation nas 
been relatively cheap. The incentive to resort to total energy 
concepts has been somewhat less than in most of the United States 
where more expensive thermal generation is the predominant sour- 
ce of. electric power. 
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As with gas, electric power is usually billed on a demand and 
use basis. Until recently, in some Canadian provinces, most 
universities were billed on the commercial rate and net on the 
cheaper industrial rate. However, recently, in Ontario for 
example, the policy has been changed and the billing w ill be 
based on demand and load factor. There will be no class of 
user such as commercial or industrial. This will tend to re- 
duce power costs to the larger universities for the time being 
and will affect the evaluation of any total energy concept. 



If a standby power supply is provided to a total energy system 
3-^id is only used in the event of equipment breakdown , the power 
will probably charge for this standby on the basis of 
so many cents per month for each kilowatt of contracted stand- 
by capacity . In Onuario this usually is 50 cents . Therefore 
i or 3- 10,000- kw standby the charge would be $60,000 per year. 
This cost is an important factor in evaluating the amount of 
standby capacity to be incorporated in the utility plant. 

The majority of university campuses are using fuel oil or gas 
as their main fuel. Many of those which have burned coal in 
the past, are now converted to either oil or gas, or both, main- 
ly to remove stack dust emission problems. 

VJhen evaluating a total energy concept, consideration must be 
given to the abilily of the prime mover to bum the fuel safely 
and efficiently. An industrial gas turbine can accommodate a 
cheaper, heavy fuel oil, after suitable chemical treatment. 
However, for proven reliable operation, natural gas, naptha or 
a diesel oil are preferred. Similar requirements apply to re- 
ciprocating type engines. The evaluation should allow for any 
special treatment required to make a fuel- suitable for use in 
the prime mover. 

(^) ~ Operating Costs — Assuming that a steam or hot water system 

is already selected for building heating, in all likelihood the 
boiler operating staff will also be able to attend to the power 
generating equipment. Therefore, the total energy system will 
not materially increase the cost of operating labour. 

The case would be different when comparing the fuel-fired total 
energy system with an all electric system where shift operators 
would not be required. The fuel-fired system would carry a 
penalty of about $35,000 per year for each shift of one man. 

Maintenance costs can vary widely with the type of fuel burned, 
type of prime mover and type of operation. As already mentioned 
higher maintenance costs may be expected from the use of heavy 
fuel oil. The larger, industrial type gas turbines are cheaper 
to maintain than the higher rated aircraft type though often con- 
tract maintenance can be obtained with the latter type. The fre- 
quency of starts and load swings can affect the t im e between the 
gas turbine overhauls. 
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The statistics available on gas turbine and engine maintenance 
vary with type of engine and manufacturer. With gasturbimes, 
it is only now that sufficient history of operation is being 
obtained to provide reliable maintenance cost data. 

( e ) - Eauiment Costs - The estimates of equipment costs can be com- 

piled from standard data where the structural, electrical and 
mechanical auxiliary systems are concerned. Cost estimates for 
gas turbine, engines, boilers, etc., can be obtained from manu 

f acturers . 

An important consideration affecting equipment cost is the pro- 
vision made for standby capacity were essential services which 
must be maintained. This is especially true where a medical 
complex is part of the university and supplied from the central 
plant. Other buildings may contain experimental work which 
would be lost if deprived of heat or refrigeration 
of time. These special areas can either be provided with ind 
vidual emergency units at the building concerned or ere c _ 
sufficient standby equipnent in the central plain to maintain 
essential supplies in the event of failure of the mam equipnent. 

In less essential areas of the campus, the service can be redu- 
ced, or shut off completely for a short while, while the condi 

tion is rectified. 

The loss of generation in a total energy concept would mean loss 
of electric power supplies and, if auxiliary fuel firing a ® 
waste heat boiler is not provided, steam generation and chill 
oueration. In any event, without electric power, there would be 
r^mps available for a’fttel oil fired boiler. This is where 
gas has an advantage over oil. 

Standby power could be provided by a battepr started auxiliary 
diesel or gas engine generator or from a stanby supply provided 
by the electric power utility. Each alternative has to be in- 
cluded in the evaluation, either as a first cost for the stand- 
by equipnent or as an annual cost for the standby power supply. 

The foregoing is perhaps a rather lengthy review of the fac- 
tors affecting the choice and evaluation of total ener^ concepts in uni- 
versities . Wo attempt has been made to define any specific design pa 
meters ^ ratter to P draw attention to those factors which must be taken 

into consideration. 



5 _ THE PRESENT STATUS OF TOTAL ENER GY SYSTEMS 

It is in the commercial and educational fields that the inte- 
grated energy system has been gaining increasing prominence in the last 
fL years and providing stiff competition for the electric utilities. 




The Park Plaza Shopping Centre in Little Rock, Arkansas has 
been well documented in the technical literature. Other well known ins- 
tallations exist in the McAllen High School, Texas and the Rockdale 
Village Apartment Development in New York. 

In Canada, the Hi l l crest Junior High School in Jasper Place, 
Alberta generates up to 600 kw in two gas engine driven generators and 
uses the waste heat from the engines to produce up to 1,500 pounds of 
low pressure steam per hour. The steam is used either to heat the school 
in winter or in air conditioning equipment in summer. 

A recent survey of energy systems in North America lists 
75 total energy installations. Of this number, thirty were industrial 
plants. However, the rest included: 



Office Buildings 17 
Shopping Centres 11 
Schools 9 
Hospitals 3 
Motels 3 
Restaurant 1 
University 1 



The majority of these systems utilize gas as their single fuel, a few have 
oil standby. It should be noted that all the office b uild ing installa- 
tions belonged to gas utilities where gas seemed to be the preferred fuel. 



Almost 80 per cent of the installation listed had a power 
generating capacity of less than 2,000 kw. The coresponding waste steam 
generating was less than 7,000 pounds per hour and the air cond-i tioning 
capacities less than 550 tons. 



6 - THE CONCEPT IN UNIVERSITIES 

^ The statistics given in Section 5 are intended to illustra- 

te the relatively small size of the installations to date, also the fact 
that almost no installations are listed as being in a university. The 
sole exception has a generating capacity of only 375 kw. 

At first inspection, it would seem that the modem univer- 
sity campus would be an ideal application for a Total Energy Concept. 

It has a year round demand for electric power together with a constant 
demand for heat, either for building heating in the winter or air con- 
ditioning in the summer. 

Even by industrial standards , the energy demands in modem 
North American universities are large. Steam demands in the hundreds of 
thousands of pounds per hour, power demands in the tens of megawatts and 
thousands of tons chiller capacity, put many large industrial installa- 
tions to shame. Yet, compared with the number of universities, the num- 
ber of campus total energy system is almost negligible. 



Why are universities not taking more advantage of the con- 
cept? What are the disadvantages of total energy systems that deter 
their application in universities? 

Perhaps the greatest disadvantage is the fact that it ties 
up a great deal of capital and valuable real estate. With the current 
rate of increase in the university population and the corresponding boom 
in campus development, finding money to build the educational facilities 
alone is a hard enough task. This does not encourage uhe investment of 
money in a noneducational facility to which there is an alterna ive e- 
manding no down payment, even if its operation may be a little ^ore 
costly in the coming years. The university is an educational establish- 
ment and does not want to get into the power generation business for the 

sake of it. 



The value of the real estate occupied by power generating 
plant depends on where the university is located. At some, where they 
are developed on a new and spacious campus, land cost is of minor impor- 
tance. In a downtown campus however, real estate values are usually 
extremely high and any generating plant will have to bear a heavy penal- 
ty based on the cost of the value of the land space it occupies. This 
cost can be decisive in most cases. In a recent utility development 
study for a downtown campus, it was found economically feasible to meet 
the increasing heating load by replacing boilers only twelve years old 
with new and larger units, rather than expand the utility plant and tie 

-up more real estate. 

Another problem is lack of flexibility. A total energy 
system must be designed on the basis of the conditions known at the 
time it is installed. These conditions are to a large extent based on 
projections of future fuel costs, operating cost, rate of campus, deve- 
lopment, etc. A change in any one of these factors could alter the eco- 
nomics of a total energy system to the point that it is added cost to 
the university operation rather than a saving. 

The economic design of a total energy system depends to a 
great deal on an accurate determination of the building heating and 
cooling loads and their seasonal variation. This is required not only 
at the time the evaluation is carried out but also for the projected 
campus development which may cover many years. Matching the total hea 
and power demand to the load profile of each installation is an impor- 
tant step in developing the optimum cycle and the phasing of the unit 
additions to meet future increases in loads. If the situation changes 
because of unforeseen requirements, the- plant capacity may be inadequate 
or there may be a lot of expensive equipment lying idle or operating at 
part load and low efficiency. 

' A review of total energy concepts carried out for York Uni- 
versity, Toronto, in 1962, showed that, bases on the ultimate campus deve- 
lopment, the concept would be economically attractive and could repay e 
additional cost of the generating equipment within 8 years. A brief sum- 
mary of the comparative costs computed for this study are attached as 

Table 1. 
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The conclusion at that time -was that, while the concept showed 
advantages in the long run, it should fce del erred lor lurther consideration 
until the campus load characteristics could fce determined to firmly esta- 
blish the economic bases. A further consideration was the fact that, for 
the ult imat e installation to be economical, minimum unit capacities would 
have to be adopted. Therefore, in the early stages of the campus develop- 
ment, the prime mover unit capacity would be far in excess of the campus 
demands and the university would have been faced with a partly loaded fa- 
cility operating at low efficiency for a large capital outlay. 

Nevertheless, it was recommended that the initial central 
boiler plant be arranged so that gas turbines and waste heat boilers could 
be integrated in the central utility building in the xuture. Further 
studies are anticipated in the near future to assess the application of 
the concept in light of the current campus expansion program, electric 
power and fuel costs. 

lork University envisage an ultimate campus of over 80 build- 
ings accommodating in excess of 15,000 students by 1980. The contemplated 
ultimate ut ilit y capacities are 600,000 pounds per hours of heating steam, 
18,000 tons of chilling and 24,000 kva of electric power. By comparison, 
the results of a study for a smaller university in Ontario, anticipating 
a student population of 7 to 8 thousand, showed a payout for a total energy 
concept of between 12 and 30 years, depending on the plant arrangement^ 

This was achieved for an additional capital outlay of fcetween one and two 
million dollars. In this case it was recommended that no further conside- 
ration be given to the concept. 



7 - CONCLUSIONS 

The above figures do illustrate the problem of large capital 
outlay associated with total energy concepts. The larger the ultimate 
campus, the larger the economic generator unit size and the greater the 
outlav for what could be, initially, a very small annual saving or, in 
some cases, an annual loss. However, notwithstanding these apparent limi- 
tations, the concept has a place on the university campus. It is consi- 
dered that a review of total energy concepts is justified for any univer- 
sity campus, if not with the immediate application in mind, then to ensure 
that the ut ilit y system is not developed in such a fashion as to preclude 
benefits of the concept at some future date. 

Looking to the future, both the fuel cell and atomic energy 
could some day be economical sources of energy for total energy system. 

The fuel cell using natural gas is still in its infancy. 
However, it has a high efficiency and in time will be developed into 
sizes adequate to take care of a considerable building area. 



Considerable investigation into small , pressured water reactors 
has been carried out by Atomic Energy of Canada. The technology exists for 
the design cf - 100,000 pound per hour steam generator using natural uranium 
at lo cents a million Btu. The problem at the moment is the first cost 
which, for a 340,000 pound per hour boiler, is three or four times the cost 
of a conventional fuel-fired boiler. However, it is anticipated that by 
simplification in design, safety control and operator requirements, the 
cost of such a nuclear boiler will eventually be competitive with the fossil- 
fired units for base loads with a high load factor. At that time, they 
would be attractive to universities, not only as a utility, but also as 
a research tool. 

1*21. PHILLIPS: We have time for one question and one answer. 

QUESTION: I was wondering if there exists at the present time on any 

campus, eioher in the United States or Canada, a nuclear steam generating 
equipment utilising this concept? 

MR. GUDGEON : Not that I know of. McMaster have a research unit utilizing 

the waste heat. 6 

QUESTION: Not furnishing them total energy for the campus? 

1*21. GUDGEON: This is a research unit. I do not think there is anything 

operating yet. They are trying to develop some compact units: it is still 
in the development state. 

1*21. HASTIE: I would like to thank you very much for a very informative 

paper on a very complex problem. 

MR. PHILLIPS : I know many of you probably have other questions you would 

like to ask and I wonder if you can catch him later. 
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